This paper discusses the effect of the economic discount rate on public policy decisions, particularly in health care. Since discounting is employed in most economic analysis and is almost inseparable from economics, any discussion of the rationale, basis, or consequences of discounting also involves some consideration of the foundations, assumptions, and philosophy of economics itself.
History
Most readers would agree that the economy has a profound impact on our lives, and hence that economics, the study of the economy, is important. In most of the developed world, collective decisions generally seem to be driven by economic considerations and politicians seeking to promote their social policies almost invariably invoke economic issues and resort to economic arguments. Economics or the discussion of economic issues surrounds us and it is second only to sport in the news. It was not always so -the history of economics, or at least of neoclassical economics, is very much the history of paid employment.' Sociology and anthropology are probably better able than economics to describe human activity, behavour, and choice in times before paid employment or in cultures without paid employment.
Science? Many, including the Nobel Loreat Committee, seem to classify economics as a science. That being so, it is important to consider what kind of science it is and what stage or phase of development it has reached, because of the effect on society of application of economic knowledge. It is clearly not a science with laws as in physics, equations as in chemistry, or models as in engineering and it is not yet developed to the stage that we may use its laws and equations to build models of society that yield predetermined and desirable outcomesat least not satisfactorily. Historians of science, who describe stages or phases in the development of a science, might classify economics as about the stage of observation and inference, theory and hypothesis testing. Economics is perhaps at a similar stage of development as another young science, epidemiology, which is also predominantly a science of observation and inference. The intellectual challenges ofepidemiology are mainly those of drawing inference from observational studies but epidemiology also emphasises the importance of distinguishing between association and causation and recognises the role of experiment as the final arbiter. There are several interesting parallels, like the difficulty of testing hypotheses experimentally for practical or ethical reasons, but there are also important differences, including the continuing debate about the principles underlying discounting.
Applied science? Engineering is the most obviously applied science born out of physics, chemistry, and mathematics. Epidemiology has many applications -in public health, health education, and health services evaluation -and economics has many potential applications in these same areas, because the economy is so central to human wellbeing. In the prevailing economic climate, it has been assumed by many that economics has been promoted to the status of an applied science. Theoretical economists who really understand the nature (and limitations?) of their subject, seem to be greatly outnumbered by "practitioners" who seem less aware of the many necessary steps between theory (based on observation and inference) and a working model that can be offered to planners and policy makers. This is analogous perhaps to the many steps it is necessary to take between hot gas expands (a law of physics) and the modern jet engine. These practitioners or technicians seem to be all too prepared to offer their services to society, and society appears to be all too willing to seek their services2; suggesting an almost incredulous belief that the subject is fully understood and a faith in the ability of those who know the formulae to control the economy. Discounting has been applied most consistently to the cost (or investment) side of cost benefit analyses, but it has also been applied to benefits. The distinction is immaterial as the following will show since the economic comparison should be of real "goods" (people, homes, land etc). West group.bmj.com on July 7, 2017 -Published by http://jech.bmj.com/ Downloaded from than the present value of the same good available here and now. The effects of two discount rates, typical of those used in many health care applications in the past 20 years, are illustrated in figure 1. While 5% or even 10% sounds relatively innocuous over a year, the effect over 20 years is to significantly reduce the value of all economic goods (hospitals, beds, doctors, nurses etc). This is inconsistent with economics' concern for real resources (people, houses, land etc). The real value of these real resources is not so time dependent and does not decay at such rates. Public policy decisions are not of the nature of investing cash now for cash return at some time in the future, but of investing real resources (life years) now for real resources benefit (life years) at some time in the future. Recent discussion of different rates of discount for costs and benefits show the Achilles' heel of the principal of discounting.""12
Assumptions
Estimating individual discount rates If both the rationale and the basis of discounting are accepted for the present, the value of a discount rate might be estimated by presenting individuals with either theoretical or real choice.'3 It is well recognised that individuals choose different rates for different articles, activities, or goods and this has led to the acceptance of differing discount rates for different activities, and even occasionally to consideration of a 0% discount rate for some activities. It is also well recognised that different individuals choose different rates for the same goods; in particular, for example, that the better off value the future more highly than the less well off. This social class difference in discounting probably has quite a rational basis in that the better off can be more confident that they will live to enjoy the future. Notwithstanding individual variation, enough individual estimates could provide an average individual discount rate or average individual time preference. However, it does not give a societal discount rate or a social time preference. To argue that it should would be fallacious because it would require imputing the values of transient individuals, in a nearly stable or permanent society, on to a nearly stable or permanent society.9 While the needs of individuals may vary widely with time, the global needs of the whole of society vary little.
Official discount rate During the period of rapid growth in health economics, the recommended discount rate for a study was often explicitly and frankly the discount rate of the previous study in the same area, plus or minus a bit to test sensitivity.5
This implied acceptance both that discounting was appropriate and that the previous study discounted at about the right rate. A search for the source or origin reveals that in practice the underlying discount rate for public policy planning is set by the Treasury. Further enquiry reveals that the public sector discount rate is set on business principles by direct comparison with "profit" in commerce. An example of how the Chancellor of the Exchequer revises the rate can be read in Hansard.
"Since the use of discount rates in the public sector was last reviewed (in 1978), the rate of return in the private sector has risen to 11 %. In light of this the Government has decided to raise the 'required rate of return' in the trading public sector to 8% in real terms ... and ... the discount rate in the non-trading public sector should be... not less than 6% in real terms". '4 It seems that the thought sequence has been along the following lines. Nationalised industries should be comparable with private industry and should be run along the same lines as private industry to return profits to their shareholders (by proxy, the Government?). Secondly, the non-trading public services, administered according to the same rules by the same civil servants, should return "profits" of a comparable order, because by opportunity cost the shareholders (the Government, on our behalf?) could have been making a real return (profit) in the trading sector instead of providing a service in the non-trading sector. Thirdly, society's social time preference is linked to return on investment and varies from time to time according to short term variation in the financial rate of return in the money market.
Human capital: value of individuals Figure 2 illustrates an "economic profile" of an individual life within society. Like most economic diagrams, it is purely symbolic; it is not intended in any way to be ageist, merely to be a stylised representation ofan observation. Nor is it sexist (no distinction is made between men and women) or dependent on earnings as a proxy for contribution or consumption. In infancy an individual is entirely dependent, through childhood an individual is mostly a net consumer, through normal adult life most individuals are net contributors, and in retirement individuals become recipients again until in old age some may become fully dependent. Clearly, there would be individual variation and temporal variation around the general curve and so the figure represents no more than a symbolic average profile.
Although symbolic, the figure can help to illustrate the effect of discounting on present values of future "human capital" and a possible logical entry for discounting in health care applications of cost-benefit analysis. The set of figures includes forward projections both without discount (or discounted at 0%) and fig 2) give a sensible answer, an answer that accords with social values and societal choice, only in young adulthood and early middle age. It seems that the arithmetic (or discount rate) is wrong at least in some applications or alternatively that the principle of discounting is wrong.9 A theory provides a more satisfactory explanation of observations and is more acceptable when it is robust and widely or generally applicable. Discounting is not so satisfactory if it works in some circumstances only. It also seems that society's valuation of individual lives is not only determined in the future but recognises the contributions of whole lives and this should be incorporated into cost-benefit analysis.9
After several years of rather blind implementation of economic techniques including discounting in public policy making and planning, despite some appreciation of the weaknesses of neoclassical economic theory and its inability to explain satisfactorily the world of health care,'8 we are now witnessing some encouraging hints of economists challenging the assumptions underlying several of these economic practices.'1"2 In particular, in health care it has been observed that the conventional practice of discounting all health programmes may not reflect individual or societal preference. In science, when theory fails to fit the facts (or the observations) a new theory is born, as for example in physics at the turn of the century when there was a move from the wave theory of light to the quantum theory to explain a new set of observed phenomena. If neoclassical economics has difficulty understanding and explaining a major social phenomena like health and wishes to do so, it needs to rethink its theory. Perhaps it is time for neoclassical economics to be replaced by "quantum" economics, if "small is beautiful".23
Evolution in science takes time: eminent philosophers have observed how consensus defends and protects one established theory from challenges by potential replacements until a threshold is breached and suddenly there is revolution and a new theory becomes the preferred theory.67 Economics has been described as an evolutionary science that changes to suit shifting trends in society' and so it is perhaps time for economic theory to consider a revolution on the principal of discounting the future in collective policy issues.24
Time for change on discounting It is time for a change in economic thinking. The theories do not fit the observations and the formulae do not accord with society's choices. 25 In particular, the theory of discounting in health care does not satisfactorily explain society's preference and choices in health care. Under the repeatedly exhorted philosophy to "live now, and pay later", society will indeed pay later and the real cost, not an artificially discounted present value estimate, will have to be met in real terms. For example in health care, the elderly in the community will need to be cared for (by the elderly in the community? 
